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Review
This literature search and review was conducted to accumulate
information which is, or may prove to be, pertinent to the solution of
the problem of the sticking of insect residues to aircraft wings. The
major topics of this review are: experimentally tested methods, testing
techniques, the effect of surface roughness height on aerodynamic drag,
materials tested and, the adhesive properties of insect body fluids.
Experimentally Tested Methods
Many methods of eliminating insect contamination of aircraft wings
have been attempted. These include: "superslick" films, hydrophobic
coatings, sublimation coatings, mechanical scrapers, deflectors, fly-
away covers, washing systems, and liquid films (6). The category of
"superslick" films is of most importance to our project. One reference
(11), in which five different surfaces and a liquid spray washing system
were tested, reported that none of the surfaces showed any significant
advantages in eliminating the insect contamination problems.
On the other hand, they found that the use of a continuous water
spray while encountering the insects, during takeoff and climbout, is
very effective in preventing insect contamination. Since most laminar
flow aircraft employ a suction system to hold the boundary layer close
to the wing surface, a spray system could be detrimental to the laminar
flow control system.	 Not only would the spray nozzles have to be
designed such that they would not cause transition of the flow when not
in use (11), it was found that the residual liquid from the spray system
partially blocked the suction slots and tubing. Thus, we have some
greater incentive for further investigation into "superelick" films.
Dr. F. X. Wortman suggested a resilient leading edge coverin& with
which the insects would strike the surface and bounce away instead of
sticking (4). When a light foam rubber was used as the covering there
appeared to be a problem with rain erosion. The foam rubber could
possibly be coated on its outer surface to improve erosion resistance.
Testing Techniques
B. H. Carmichael (4) suggested some different testing schemes with
respect to insect contamination of aircraft wings. Initial sorting of
test surfaces could be done in still air by expelling insects at high
velocity from an air gun. Impact velocity could be controlled by a
combination of chamber pressure and distance from the muzzle to the test
specimen and measured by a rapid-acting gage monitoring the stagnation
pressure at the specimen.
More realistic tests could be conducted in a wind tunnel provided
that an addition screen downstream of the airfoil or test fixture was
used to prevent contamination of the fine turbulence reduction screens
located further down the wind tunnel. With either of these methods, it
will be necessary to obtain a supply of insects; fruit flies seem to be
the most readily available.
Carmichael felt that the use of automobiles is perhaps not advis-
able due to the low impact velocities inherent in such testing.
	 He
suggested the above testing schemes for a resilient leading edge
covering for which high velocities were necessary for realistic
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testing. However, the use of automobiles may be satisfactory for our
investigation because the test would sample a realistic insect
population. The most realistic test method would be to use an aircraft
with a speed potential and lift coefficient similar to the climb speed
of a modern commuter aircraft.
The Effect of Surface Roughness Height on Aerodynamic Drag
In our investigation, we are concerned with the amount and height
of insect residue that remains on the aircraft wing which will cause
transition of the flow. D. J. Marsden (10) attempted to assess the
effect of insect contamination on the leading edge by using an artifi-
cial "bug pattern" as suggested by Richard Johnson. The bug pattern
consisted of 3/16 inch diameter circles of tape 0.015 inch (0.038 cm)
thick. These were placed on the leading edge at 6 inch intervals and on
the upper and lower surfaces 1/2 inch behind the leading edge also at 6
inch intervals but falling between the leading edge "bugs". With this
artificial "bug pattern" he found a 10-25% increase in drag coefficient
over thot for a clean wing over a range of lift coefficients.
Tests were conducted at Dryden Flight Research Center with a
Jetstar airplane equipped with pitot probes to detect transition of the
flow over the wings (11). 	 It was found that after low flights over
agricultural fields that insect residues ranging from 0.01 to 0.04 cm in
height had collected on the wing leading edges. It was also found that
insect residues in the bottom of the height range caused transition of
the flow. To reinforce this result, they found from referenced curves
that roughness heights above 0.008 cm could cause transition depending
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on the shape of the particle. Another author (10) suggested that, for
future laminar flow control aircraft, the allowable height of a rough-
ness particle is between 0.010 and 0.015 em before it will induce bound-
ary layer transition.
R. F. Sturgeon (12) conducted wind tunnel tests of a subscale
leading edge model to evaluate the effectiveness of a fluid film in pre-
venting insect accretion.	 In his testing, he "ound that, when the
airfoil was tested at 150 angle of attack, insect accretion extended
back to 35% chord on the lower surface and as far as 5% chord on the
upper surface. Therefore, any coating that is found to be effective in
alleviating the insect contamination problem should be extended well
back of the leading edge.
As far as wing surface waviness is concerned, one reference (3)
found that the allowable ratio of wave height to wavelength is between
1/400 and 1/70 for transition to occur. Expressed in other terms, the
allowable wave height is proportional to (wavelength) 1/2
 and (Reynolds
number) -314 . Thus, wing surface roughness, either in the form of
roughness height due to insect contamination or as surface waviness, is
a prime consideration in laminar flow control.
Materials tested
In an early test in gngland in 1952 (7), a section of the wing of a
King	 Cobra	 aircraft	 was	 sanded	 smooth	 and coated	 with	 cellul(
^.' again sanded as smooth as	 possible.	 (They were evidently aware
importance	 of	 a	 smooth surface	 in	 laminar flow control.)	 The
that	 this	 surface	 was not	 completely	 effective	 in	 eliminating
l
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contamination,	 but cleaning of	 the wing after flight was easier than
;:- with an uncoated wing.
Dr.	 F.	 X.	 Wortman suggested	 the use of a resilient leading edge
covering	 the insects would strike the surface and bounce awaywith which_
instead of	 sticking.	 The most	 effective coating was	 found	 to be	 a
silicone foam rubber with a high air content.
	
There was a problem with
rain erosion when this covering was tested, but its erosion resistance
could	 possibly	 be	 improved	 by	 coating	 the	 outer	 surface	 with	 a
protective film.
In	 1978,	 five	 surfaces	 were	 tested	 on	 the	 wing	 of	 a	 Jetstar
aircraft for their effectiveness in eliminating the insect contamination
problem (11).
	
The fi..rst two surfaces were su erslick Teflon surfaces:P	 P
¢ Teflon pressure sensitive tape and a spray-on Teflon coating.	 The next
two	 surfaces were
	
hydrophobic	 coatings	 used	 in repelling water	 from
aircraft windshields and radomes: 	 organo-silicone hydrophobic coating
and	 radone	 rain repellant coating.	 The	 fifth surface was a standard
reference surface of polished aluminum alloy.
	
Neither of the surfaces
tested show any significant advantages in shedding insect residue, but
the Teflon surfaces were easier to clean after flight than either of the
s
'- hydrophobic or aluminum surfaces.4
Adhesive Properties of Insect Body Fluids
Three references (1, 8, 9) were reviewed which dealt with the
biochemistry of insect cuticle and insect hydrocarbons. None of these
references were helpful in obtaining information on the adhesive proper-
ties of insects. Possibly more investigation should Iie made into the
properties of insect waxes and their role in adhesion.
5
c
II. Preparation of Substrates
O
Two materials will be used as substrates for the polymeric films,
2024-T4 aluminum alloy and 410 stainless steel. The aluminum alloy was
chosen as one which typically is used as the skin of an aircraft air-
foil. Sand or glass-bend blasting will be used to create difference
surface textures on the aluminum substrate prior to coating. Since the
blasting process is to be performed by a hand held nozzle it is antici-
pated that some difficulty may be encountered in produc'.ng several
samples with surfaces which are not statistically different.
The 410 stainless steel was chosen because of its magnetic and
corrosion resistant properties. Because of its magnetic property, this
stainless steel can be finished on a surface grinder. Samples which
have been surface ground can be produced with no statistical difference
in surface roughness. Three levels of surface roughness of the sub-
strates will be used 0.2, 0.6, and 1.0 jAm arithmetic average rough-
The roughness of the coated substrates will be a function of the
substrate roughness and the coating thickness. Stainless steel sub-
strates with a roughness of 0.6 Um have been ground and these will be
coated with polysulfone to determine the effect of coating thickness on
the resulting roughness. 	 While our primary method for measuring
roughness is with a contacting stylus instrument, other techniques will
be used for soft polymer films such as the depth of focus optical tech-
niques and the SEM for qualitative assessment of roughness. Stainless
steel substrates with roughness of 0.2 and 1.0 j,m are currently being
prepared.
M. Surface Energy
Sample Preparation
Solid polymer samples were obtained from Union Carbide. Three percent
(w/v) solutions of polymer were prepared using chloroform and toluene for
polysulfone and polystyrene, respectively. Solutions were cast to a 5 or 10
all thickness onto either smooth glass or ferrotype plates using a doctor's
knife. Solvent was allowed to evaporate by air drying for at least two days
or drying under vacuum for at least 8 hours. Samples were kept in sealed
containers until use.
Contact Angles
i Contact	 angles (6) were 	 measured using	 either a	 series	 of different
liquids liquids of varying surface	 tensions (Zisman	 series) or a	 series of
ethanol/water
	 dilutions.	 The surface	 tension (y)	 of the liquids	 in the
ethanol/water	 series	 were	 determined	 by	 the	 capillary rise	 method	 as
described	 by	 Daniels at	 al.(13).	 Droplets	 of	 approximately 5-6	 mm in
diameter	 were placed	 upon	 the substrate	 surface, and	 the contact	 angle
measured using	 a Rame Hart	 contact angle	 goniometer (Model 100-00).	 Upon
L introduction of	 each droplet,	 the	 sample area	 was covered with	 a	 glass
chamber	 to retard	 evaporation,	 and the	 contact angle	 measured	 within 30
seconds.
	
Approximately 5-10 replications were done for each sample and both
left and right contact angles 	 were measured for each drop. The values	 for
surface tensions and contact angles are listed in Table I.
Critical	 surface	 tensions	 for	 each	 polymer	 were determined	 by
extrapolation of the cos 0 vs y plow shown in	 Figures 1-3. The best line
through the	 data points was determined by linear regression. The values for
the critical surface tension are listed	 in	 Table	 II.	 The agreement for
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polystyrene is good but the higher literature value for polysyulfone may
result from incomplete removal of solvent.
IV. Future Work
Metal surfaces of defined roughness will be coated with differentr	 =
thicknesses of polymer films and the roughness re-determined.
- Critical surface tensions of six other polymer films will be measured.
- The tilting plate method will be used to assess the feasibility of
^-	 determining surface roughness from differences in the advancing ari receding 	 f
contact angles.
- Coated metal coupons will be mounted on automobiles and insect impacts
analyzed for thickness variability and composition.
V. Personnel Supy2rted
Barbara Hall -Undergraduate Research Assistant - ME (hourly April - May,
1983).
David Gilliam -Graduate Research Assistant - ME (June - December 1983).
Frances Webster - Laboratory Technician - Chem (hourly, February June, 1983)
Mia Sz.ioti - Graduate Research At
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TABLE 11
CRITICAL SURFACE TENSIONS OF POLYMERS
Polder	 Technique	 yc(dynes/cm)
This work	 Literature
polysulfone	 Zisman	 34.8	 43.(14)
polysulfone	 EtOH/H20	 33.2
polystyrene	 EtOH/H20	 36.5	 33.(15)
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